sumMARY Postmortem examinations performed on 76 children with a clinical diagnosis of congenital heart disease were reviewed retrospectively and compared with the findings before death. Both operated and unoperated cases were studied over a three year period. Despite intensive investigation during life, there was a high rate of unsuspected abnormalities at necropsy (80%): 29 cases had undiagnosed additional cardiac anomalies or surgical flaws, which contributed to death in 13 cases. Defects in surgery were uncommon but permitted modification in surgical technique to avoid recurrence. Myocardial necrosis and pulmonary foreign body embolism were common findings, the importance of which is uncertain and requires further study for their prevention.
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Even in the most thoroughly investigated cases postmortem examination has a high yield of clinically important pathology which is undetected during life.
The lamentable decline in the number of necropsies performed in the United Kingdom has been the subject of much comment and speculation. The reasons underlying this change in clinical practice are complex and varied. Many studies by pathologists have shown the continued value of necropsies in clinical audit.' We chose to study a group of children with a very specific diagnostic problem by performing a retrospective review of 76 necropsies performed on children with a clinical diagnosis of congenital heart disease. One of our aims was to assess the claim that modem diagnostic techniques are sufficiently accurate as to negate the value of necropsy.2 The children had been thoroughly investigated in life by both invasive and non-invasive imaging. Our experience has allowed us to propose a protocol for this type of examination when performed at specialist centres.
Material and methods
Seventy six cases from the Bristol paediatric cardiology unit had necropsies performed by the paediatric pathology department during a three year period, [1985] [1986] [1987] . All these children had a clinical diagnosis of congenital heart disease and were under the care of the cardiology and surgical teams; we also included cases who had received cardiological assessment under the care of neonatologists. We did not include cases ofcardiological malformation diagnosed antenatally and aborted as these seemed to form a distinct group with different diagnostic problems. of other complex cardiac lesions. Aortopulmonary window was missed twice in children with interrupted aortic arches. In four of these seven cases diagnosis had been based solely on echocardiography.
In seven cases surgical flaws were found at necropsy (subgroup III, table 2). In five of these the surgical problem was probably a contributing factor in the patient's death; the flaws were of more doubtful clinical importance in the other cases.
The largest number ofcases were in subgroup IV (18 cases, 24%). This included many minor cardiac abnormalities such as small muscular ventricular septal defects. We included some major abnormalities if they were present in the setting ofother correctly diagnosed severe malformations and where the diagnosis of the missed anomaly would not have affected outcome. The cases are listed in table 3.
GROUP B
Undiagnosed complications of the congenital heart disease or of its treatment were common at necropsy (51 cases, 67%) (table 4). The most common undiagnosed abnormality was myocardial necrosis, present in 30 (40%) cases. Typically this affected the subendocardial portion of the left ventricular myocardium, fig 1) , or creamy yellow speckled areas when extensively calcified (fig 2) . In most cases, however, necrosis was only apparent on histological examination. When children had died within 24 hours of operation, zones of eosinophilic necrosis, cytoplasmic coagulation, and loss of nuclear staining were seen. Calcification was common and often extensive (fig 3) . It was sometimes present in children in whom the duration of myocardial necrosis was presumed to have been short (those dying within 24 hours of operation), suggesting a very rapid onset.
Older lesions showed fibrosis and calcification, inflammation was uncommon. The size of necrotic areas varied from small islands around the lumen of the left ventricle to confluent geographical zones microscopic appearance. The fragments were often surrounded by multinucleated foreign body giant cells. Changes in the adjacent blood vessel wall were rare, an exception being one child who died three months after repair of transposition of the great vessels (fig 4) . The source of embolism in these 19 children was uncertain; 18 children had had previous cardiac surgery, 11 on cardiopulmonary bypass. Sixteen cases had had invasive cardiac angiography, another possible source.
Unsuspected pulmonary thromboemboli were observed in six cases. Cerebral infarcts and peri- ventricular leucomalacia were found in a further five children. Changes of pulmonary hypertension were rarely seen as an unexpected finding at necropsy, as it was frequently correctly diagnosed in life. Three cases of pulmonary hypertension of an unexpected severity were found. In only one of these were the changes within the irreversible grades of the Heath Edward's classification. For simplicity we chose to include infective complications in group B, even though it was sometimes unclear whether these were a result of the heart disease or incidental. Six children had unsuspected infections which probably caused death in four cases.
Changes of adult respiratory distress syndrome ('shock lung') (11 cases) and hepatic pathology (five cases of midzonal necrosis and five cases of severe hepatic fibrosis) were not included in group B. This was because these conditions were clinically manifest and were being investigated and treated, even though the underlying pathology was not always appreciated clinically.
GROUPS C AND D
The cases in group C (incidental pathology) are listed 916 Russell, Berry well recognised though rare association and diagnostic pitfall.5 Aortopulmonary window was also erroneously diagnosed in a child with a complete atrioventriculoseptal defect. Minor unsuspected cardiac lesions were found in 28%, illustrating the incomplete resolution of these forms of cardiac imaging. These lesions would not have influenced the management or outcome had they been detected. They may assume greater importance, however, as methods of treating the severe concomitant abnormalities improve.
Scrutiny of highly skilled, complex surgery on tiny hearts at necropsy is essential for the continued improvement in surgical technique. Flaws in surgical technique were uncommon in our series but when present they provided valuable lessons for the management of future cases.
Myocardial necrosis is increasingly recognised in children dying in the perinatal period. Less well recognised is the association of necrosis with cardiac malformation when the distribution of dead tissue may reflect the site of an obstructive cardiac lesion.6
The necroses in our cases were presumed to be related to recent cardiac surgery in most cases. Techniques of paediatric myocardial preservation during bypass operations are less well determined than for adult procedures.
It is difficult to be certain of the clinical importance of the foreign body embolism in the lungs of these cases. The ease of their histological demonstration, on random lung sections, suggest that they were present in large numbers. Filter material, plastic tubing, and antifoaming agents are well documented sources of embolism following cardiac bypass procedures but these usually have systemic distribution.! Other sources also have to be excluded as not all the cases occurred following surgery. Although we have no evidence that these emboli caused problems in the children, the long term consequences may be important in these patients who often already have impaired pulmonary circulation.
Both these complications of myocardial necrosis and foreign body embolism were shown by histological examination. This highlights the essential role of routine histological sampling even in the absence of macroscopic lesions.
Clinically important incidental abnormalities were uncommon but when present sometimes led to a unifying diagnosis for the case. No additional information was obtained from 20% ofcases. As paediatric pathologists we are aware of the value of negative findings in counselling bereaved parents. Although unsatisfactory in explaining the outcome of the case, the negative findings may still be used to comfort parents that all appropriate measures had been taken.
Pathologists must share some of the blame for the decline in necropsy rate in this country through their lack ofadvocacy and their unwillingness to modify age old practice to suit changing clinical needs. We must monitor the value of our work constantly and publicise it to our clinical colleagues. As well as giving us insights into the mechanisms of death the necropsy may highlight unsuspected problems whose importance is uncertain and which require further study for their prevention. Effective audit of deaths in specialist clinical centres requires a high necropsy rate Appendix: a protocol for the cardiac necropsy in children
The basis of the "cardiac necropsy" must be a standard thorough paediatric postmortem examination, of which several excellent accounts may be found.8 There is no single correct method for performing the necropsy on the child with congenital heart disease. The optimal method takes into account the clinical diagnoses and investigations done in life and is tailored to the optimal demonstration of the anticipated anomalies. The risk of such an approach is that the pathologist becomes blinkered by natural attention to the cardiovascular system and neglecting the remaining examination. The protocol outlined in fig 5 is time consuming and as such is probably only appropriate to specialist centres where most of these necropsies are performed. Some of the methods are mutually exclusive-for example, histological examination of the conducting system prevents preparation of a specimen impregnated with wax.9 The most appropriate methods must be selected for the individual case. Postmortem audit in a paediatric cardiology unit 917
